EP 0 613 183 A1

Europdisches Patentamt
European Patent Office

- 9

Office européen des brevets

@ Publication number:

0613 183 A1

® EUROPEAN PATENT APPLICATION
published in accordance with Art.
158(3) EPC

@ Application number: 94908110.3
@) Date of filing: 19.08.93

International application number:
PCT/JP93/01165

International publication number:
WO 94/05044 (03.03.94 94/06)

@ Int. c15: HO1L 27/146, HO1L 31/0232,

HO1L 31/173

®

Priority: 21.08.92 JP 223038/92

®

Date of publication of application:
31.08.94 Bulletin 94/35

®

Designated Contracting States:
DEFRGB IT

®

Applicant: NIPPONDENSO CO., LTD.
1-1, Showa-cho
Kariya-city Aichi-pref., 448 (JP)

®

Inventor: YAMADA, Manabu
Nippodenso Co., Ltd,,

1-1, Showa-cho

Kariya-City, Aichi-Pref. 448 (JP)
Inventor: MAEDA, Yutaka
Nippodenso Co., Ltd,,

1-1, Showa-cho

Kariya-City, Aichi-Pref. 448 (JP)

Inventor: NAKAMURA, Masaya
Nippodenso Co., Ltd,,

1-1, Showa-cho

Kariya-City, Aichi-Pref. 448 (JP)
Inventor: TERADA, Tomotsugu
Nippodenso Co., Ltd,,

1-1, Showa-cho

Kariya-City, Aichi-Pref. 448 (JP)
Inventor: SHIRAI, Makoto
Nippodenso Co., Ltd,,

1-1, Showa-cho

Kariya-City, Aichi-Pref. 448 (JP)

Representative: Grams, Klaus Dieter, Dipl.-Ing.

et al

Patentanwaltsbiiro
Tiedtke-Biihling-Kinne & Partner
Bavariaring 4

D-80336 Miinchen (DE)

@ OPTICAL SENSOR AND METHOD OF ITS MANUFACTURE.

@ A position measuring element (4) is fabricated
by forming a film (5) facing to the direction (X), a
photoconductive film (6), and a resistor film (7) in the
direction (Y) on one side of a transparent glass plate
(2). A light shielding film (3) is formed on the other
side of the glass plate (2). A pin hole (31) is made in
the center of the film to pass light through it. In such
a way, the position measuring element (4) and the

light shielding film (3) are integrally formed on the
glass plate (2). Then, both the position measuring
element (4) and the light shielding film (3) are moun-
ted on the case of a sensor when the glass plate (2)
is attached to the sensor case. Hence the assem-
bling work of the position measuring element (4) and
the light shielding film (3) together with the housing
is facilitated.
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BACKGROUND OF THE INVENTION
1.Field of the Invention

The present invention relates to a photosensor
for detecting at least either of the azimuth, altitude
and intensity of incident light, and a method of
manufacturing the same.

2.Description of Related Art

Solar radiation sensors for detecting the direc-
tion of incident light in a compartment of an auto-
mobile are disclosed in, for example, Japanese
Patent Publication Laid-open No. sho 62-71713.
Such a solar radiation sensor includes a light
screening member (an instrument panel 20) having
a slit through which solar radiation passes, and
photoelectric converting elements (each having a
variable resistor element 23, a photoconductive ele-
ment 24 and a common terminal plate 25) provided
below the light screening member at fixed intervals.
The solar radiation sensor is adapted to output a
signal representing the position of the light illumi-
nated onto the photoelectric converting elements
through the slit. A microcomputer detects the direc-
tion of an incident light on the basis of the pro-
duced signal.

In the above-described conventional solar radi-
ation sensor, the light screening member is con-
stituted by the instrument panel. However, the light
screening member is generally formed of a thin
plate having a transmission hole, such as a pin
hole or a slit. In that case, when the light screening
member (hereinafter referred to as a light screen-
ing film) constituted by the thin plate and the
photoelectric converting elements are mounted on
a casing of the solar radiation sensor, the light
screening film and the photoelectric converting ele-
ments must be mounted separately, deteriorating
the mounting property.

This problem occurs not only with solar radi-
ation sensors but also with throttle position sensors
which include the light screening film having a
transmission hole, such as a pin hole or a slit, and
the photoelectric converting elements, as in the
above-described solar radiation sensor. In other
words, the problem involving deterioration in the
mounting property with which the light screening
film and the photoelectric converting elements are
mounted is common to all the photosensors which
include the light screening film having a transmis-
sion hole, such as a pin hole or a slit, and the
photoelectric converting elements.

In order to overcome the above-described
problem, the present invention provides a
photosensor which exhibits excellent mounting
property with which a light screening film having a
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transmission hole, such as a pin hole or a slit, and
photoelectric converting elements are mounted on
a casing of the sensor, as well as a method of
manufacturing the photosensor.

SUMMARY OF THE INVENTION

To achieve the above-described object, the
present invention provides a photosensor having a
fransparent member; a photoelectric converting
element mounted on the transparent member; and
a light screening film mounted on the transparent
member and having a transmission hole through
which light illuminated on the photoelectric convert-
ing element pass.

In the above-described structure, since both
the photoelectric converting element and the light
screening film are mounted on the transparent
member, both the photoelectric converting element
and the light screening film can be mounted at the
same time on a casing of a photo sensor by
mounting the transparent member on the casing of
the photo sensor, thus greatly improving the
mounting property of the photo sensor.

In order to mount the light screening film and
the photoelectric converting element on the trans-
parent member more efficiently, the present inven-
tion provides a method of manufacturing a
photosensor, which adopts following steps:

a first step of mounting a photoelectric convert-
ing element on one of two parallel surfaces of a
transparent member and putting a first mark on the
one surface of the transparent member at a posi-
fion separated from a detection surface of the
photoelectric converting element concurrently with
the mounting of the photoelectric converting ele-
ment;

a second step of mounting a light screening
film, having a transmission hole through which light
passes therethrough, on the other surface of the
transparent member which is remote from the sur-
face on which the photoelectric converting element
is mounted and for putting a second mark on the
other surface of the transparent member at a posi-
tion which has the same positional relationship with
a position where the transmission hole is formed as
that established between a predetermined position
of the detection surface of the photoelectric con-
verting element and the first mark concurrently with
the mounting of the light screening film.

The photoelectric converting element or the
light screening film is mounted on the one surface
or the other surface of the transparent member in
either the first step or the second step such that
the first mark and the second mark are aligned with
each other.

In the above method, the positional relationship
between the fransmission hole of the light screen-
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ing film and the photoelectric converting element
can be set to a predetermined positional relation-
ship. Accordingly, the positional relationship be-
tween the fransmission hole of the light screening
film and the photoelectric converting element can
be freely set according to the positions at which
the first and second marks are put. Consequently,
in this manufacturing method, the mounting prop-
erty with which the light screening film and the
photoelectric converting element are mounted on a
casing of the photosensor can be improved, while
the positional relationship between the transmission
hole of the light screening film and the photoelec-
tric converting element can be freely set.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of a major por-
tion of a first embodiment manufactured by a
method in the first embodiment of the present
invention;

Fig. 2 is a perspective view showing a sche-
matic structure of an omnidirectional solar radi-
ation sensor manufactured by the method in the
first embodiment of the present invention;

Fig. 3 is a perspective view showing the sche-
matic structure of the omnidirectional solar radi-
ation sensor of Fig. 2;

Fig. 4 is a plan view showing the shape of a
light screening film of the omnidirectional solar
radiation sensor of Fig. 2;

Fig. 5 is a plan view illustrating a state wherein a
large number of light screening films are formed
on a front surface of a glass substrate;

Fig. 6 is a schematic view illustrating a layered
structure of a light position detection element of
the omnidirectional solar radiation sensor of Fig.
2;

Fig. 7 is a schematic view illustrating a layered
structure of a photoconductive film of the om-
nidirectional solar radiation sensor of Fig. 2;

Fig. 8 is a plan view illustrating the shape of an
X-axis strip electrode pair and that of a Y-axis
strip electrode pair in the omnidirectional solar
radiation sensor of Fig. 2;

Fig. 9 is a plan view illustrating a state wherein a
large number of light position detection ele-
ments are formed on a rear surface of the glass
substrate;

Fig. 10 is an explanatory chart illustrating the
principles upon which the light position detection
element of the omnidirectional solar radiation
sensor of Fig. 2 performs x-coordinate detection,
y-coordinate detection and photoelectric current
detection;

Fig. 11 is an explanatory chart illustrating cal-
culation of the elevation angle and azimuth of
solar radiation in the omnidirectional solar radi-
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ation sensor of Fig. 2;

Fig. 12 is a perspective view illustrating the
schematic configuration of a second embodi-
ment of the omnidirectional solar radiation sen-
sor manufactured according to the present in-
vention; and

Fig. 13 is a cross-sectional view illustrating the
schematic configuration of a light position detec-
tion element (not known).

DETAILED DESCRIPTION OF THE EMBODI-
MENTS

Embodiments of photosensors according fo the
present invention will be described below. A first
embodiment, which will be described below,
shows, as an example of the photosensor, a solar
radiation sensor, and a method of manufacturing
that solar radiation sensor.

Figs. 1 through 3 schematically show an om-
nidirectional solar radiation sensor manufactured
according to the present invention.

An omnidirectional solar radiation sensor 1,
which is disposed on, for example, a upper surface
of an instrument panel near the windshield of a
vehicle, is for use in an automatic air conditioner
for a vehicle which is designed to automatically
correct an influence of the intensity of direct solar
radiation received in the compartment of the ve-
hicle. The automobile air conditioner includes a
control circuit (not shown) for automatically control-
ling an air quantity ratio change over damper (not
shown) on the basis of the elevation angle, azimuth
angle or intensity of solar radiation detected by the
omnidirectional solar radiation sensor 1 in order fo
linearly switch over the ratio of the air quantity
blown from right and left vent outlet (not shown).

The omnidirectional solar radiation sensor 1
includes a glass substrate 2 (as a fransparent
member) which is a 1.8 mm-thick square soda
glass with SiO2 coated on both the front and rear
surfaces thereof (in order to prevent diffusion of
Nat in the soda glass), a light screening film 3
formed integrally with the glass substrate 2 on the
front surface (one surface) thereof, and a voltage
type light position detecting element 4 (as a pho-
toelectric converting element) formed integrally
with the glass substrate 2 on the rear surface (the
other surface) thereof.

The light screening film 3, as shown in Fig. 4,
screens the portion of the surface of a detecting
surface 40 of the light position detecting element 4
from light. The detecting surface 40 is located
under the glass substrate 2 (see Fig. 1). The light
screening film 3 is a square film having dimensions
of 12 mm x 12 mm and made of a light screening
material, such as an epoxy resin with black carbon
mixed therein or a black organic substance. The
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light screening film 3 is formed by screen printing
a light screening ink capable of screening light
directly on the front surface of the glass substrate
2, and has a pin hole 31 at a central portion thereof
so that solar radiation can be illuminated onto the
detecting surface 40 of the light position detecting
element 4 in a spot. The pin hole 31, which is a
transmission hole according to the present inven-
tion, is formed in a circular shape at the central
portion of the light screening film 3.

When the light screening films 3 are formed,
four alignment marks 3a through 3d are also
screen printed on the front surface of the glass
substrate 2 before the light screening films 3 is cut,
as shown in Fig. 5. The four alignment marks 3a
through 3d are second marks according to the
present invention, and each of them is put at a
position separated from central points O of the pin
holes 31 of the adjacent two light screening films 3
by a predetermined distance (L = 12 mm).

The light screening film 3 may also be formed
by forming a light screening material which does
not transmit light (which may be a metal alloy film
or a light transmitting resin) on the front surface of
the glass substrate 2 by sputtering or deposition
and then by patterning that light screening material
using a metal mask by, for example, the
photolithographic process.

In Fig. 3, the light position detecting element 4
is formed on the glass substrate 2, and includes an
X-axis resistor film 5 made of a transparent resis-
tor, a photoconductive film 6 which utilizes the
photoconductive effect of the photoelectric convert-
ing film, and a Y-axis resistor film 7 made of a
metal electrode resistor. The light position detect-
ing element 4 further includes four lead electrodes
X, X', 'Y, Y' in which the lead electrodes X and X'
extend from two end portions of the X-axis resistor
film 5, respectively, while the lead electrodes Y and
Y' extend from two end portions of the Y-axis
resistor film 7, respectively. In the light position
detecting element 4, the X-axis resistor film 5 and
the Y-axis resistor film 7 are separated from each
other with the photoconductive film 6 disposed
therebetween. Normally (when the solar radiation
sensor is not receiving a light spot H), the X-axis
resistor film 5 and the Y-axis resister film 7 are
substantially insulated by the photoconductive film
6.

Takeoff connections of the lead electrodes X
and X' are formed of X-axis strip electrode pair 51
and 52 having a resistance lower than the X-axis
resistor film 5. Similarly, takeoff connections of the
lead electrodes Y and Y' are formed of Y-axis strip
electrode pair 71 and 72 having a resistance lower
than the Y-axis resistor film 7.

The X-axis strip electrode pair 51, 52 are dis-
posed on two opposing sides of the X-axis resistor
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film 5 in a direction perpendicular to that in which
the Y-axis strip electrode pair 71, 72 are disposed
on two opposing sides of the Y-axis resistor film 7.

The material of the individual layers of the light
position detecting element 4 and the structure
thereof will be described below with reference to
the accompanying drawings. Fig. 6 shows the lay-
ered structure of the light position detecting ele-
ment 4. Fig. 7 shows a n-i-p-i-n layered structure of
the photoconductive film 6.

The X-axis resistor film 5 is made of a 600 A-
thick Sn0O2. The sheet resistance of the X-axis
resistor film 5 is 200 @/cm?. The X-axis resistor film
5 must allow solar radiation to pass therethrough,
and must have an adequate sheet resistance to
ensure generation of a predetermined voltage gra-
dient between the X-axis strip electrode pair 51
and 52. Thus, in addition to SnO., other metal
oxide films made of, for example, ZnO or ITO may
also be used to form the X-axis resistor film 5.

The sheet resistance of the X-axis resistor film
5 is set between 10 Q/cm? and 1 M@Q/cm?, prefer-
ably, between 100 Q/cm? and 50 KQ/cm?, because
if the X-axis resistor film 5 has too low a sheet
resistance, it is impossible to generate a difference
in the resistances between the X-axis strip elec-
trode pair 51 and 52, and the X-axis resistor film 5
thus cannot be made a resistor. In contrast, if the
X-axis resistor film 5 has too high a sheet resis-
tance and has a sheet resistance higher than the
resistance (which is between about 500 Q/cm? and
1 MQ/cm? in case of amorphous silicon) of the
photoconductive film 6 illuminated with solar radi-
ation, it produces no output.

The photoconductive film 6 has a structure
formed by accumulating an alloy film of, for exam-
ple, amorphous silicon (hereinafter referred to as a
a-Si) in n-i-p-i-n or p-i-n-i-p layers, i.e., in which two
diode components are directly connected with each
other in such a manner that the polarities thereof
are in opposite directions. Thus, even if a voltage
of any polarity is applied to the series-connected
diode components, a current does not flow in the
photoconductive film 6.

The photoconductive film 6 is made up of five
layers which include a n-type semiconductor film
61 made of a-Si, an i-type semiconductor film
made of a-SiC (amorphous silicon carbide), a p-
type semiconductor film 63 made of a-SiC (amor-
phous silicon carbide), an i-type semiconductor film
64 made of a-Si (amorphous silicon), and an n-type
semiconductor film 65 made of a-Si. These layers
are formed in that order with the n-type semicon-
ductor film 61 located closest to the solar radiation
incident side. The structure of the photoconductive
film 6 is equivalent to that formed by connecting
two diodes in opposite directions.
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The photoconductive film 6 must allow the re-
sistance of only the portion thereof illuminated with
a light spot H to greatly reduce. Accordingly, a
photoelectric current ly generated by a photodiode
made up of the n-type semiconductor film 61, the i-
type semiconductor film 62 and the p-type semi-
conductor film 63 located on the light incident side
must be substantially balanced with a photoelectric
current Ix generated by a photodiode formed by
the p-type semiconductor film 63, the i-type semi-
conductor film 64 and the n-type semiconductor
film 65.

Hence, in this embodiment, the thickness of
the i-type semiconductor film 62 located on the
light incident side is made thinner than that of the i-
type semiconductor film 64, and a-SiCs having
different spectral sensitivities are used to form the
i-type semiconductor films 62 and 64. The ratio of
the thickness of the i-type semiconductor film 62 to
the thickness of the i-type semiconductor film 64 is
between 1:2 and 1 : 10.

The Y-axis resistor film 7 is made of a 400 A-
thick Ti. The sheet resistance of the Y-axis resistor
film 7 is 200 Q/cm?. The requirements of the Y-axis
resistor film 7 are basically the same as those of
the X-axis resistor film 5 except that the Y-axis
resistor film 7 need not to allow solar radiation to
pass therethrough. Thus, in addition to the materi-
als used to form the X-axis resistor film 5, metals,
such as Ti, Cr and Ni, TiN, an Au paste, a Ni paste
and a Cu paste can also be used as the materials
of the Y-axis resistor film 7, if the sheet resistance
thereof is between 10 Q/cm? and 1 MQ/cm?.

As shown in Fig. 8, the X-axis strip electrode
pair 51, 52 are formed on two opposing sides of
the X-axis resistor film 5 by patterning a conductive
film made of, for example, Al. In addition to Al, Cr,
Ni, Ag and so on are also used as the material of
the X-axis strip electrode pair 51, 52.

As shown in Fig. 8, the Y-axis strip electrode
pair 71, 72 are formed on two opposing sides of
the X-axis resistor film 7 in such a manner that the
direction of application of a voltage thereto is or-
thogonal to that in which a voltage is applied to the
X-axis strip electrode pair 51, 52 by patterning a
conductive thin film made of, for example Al, as in
the case of the X-axis strip electrode pair 51, 52. In
addition to Al, Cu, Ni Ag and so on are used as the
materials of the Y-axis strip electrode pair 71, 72.
However, the use of the same material as that of
the X-axis strip electrode pair 51, 52 is desirable.

When the X-axis strip electrode pairs 51, 52
and the Y-axis strip electrode pairs 71, 72 are
formed, four alignment marks 4a through 4d are
also patterned on the front surface of the glass
substrate 2 before the glass substrate 2 is cut as
shown in Fig. 9. Each of the four alignment marks
4a through 4d, which are first marks according fo
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the present invention, is put at a position separated
from zero points P (0,0) of the detection surfaces
40 of the adjacent two light position detection ele-
ments 4 by a predetermined distance (L = 12
mm). The four alignment marks 4a through 4d have
the same shape (square) as that of the four align-
ment marks 3a through 3d and the same positional
relationship as that of the four alignment marks 3a
through 3d so that they can overlap the four align-
ment marks 3a through 3d.

Fig. 10 illustrate the principles upon which the
light position detection element performs x-coordi-
nate detection, y-coordinate detection and photo-
electric current detection.

[Method of detecting an x-coordinate]

When 0 volt and 5 volts (the voltage being not
limited to 5 volts) are respectively applied to the X-
axis strip electrode pair 51, 52 acting as X-axis
input electrodes, a voltage gradient between 0 volt
and 5 volis is generated in the X-axis resistor film
5. When the photoconductive film 6 receives solar
radiation in that state, the two diode components
located at a position where solar radiation has
passed through the photoconductive film 6 con-
duct, and a voltage inherent in the X-axis resistor
film 5 located at a position illuminated with solar
radiation is thus taken out from the Y-axis strip
electrode 71 acting as the X-axis output electrode.

In this way, the output voltage at the x-coordi-
nate of the position illuminated with solar radiation,
i.e., the output voltage (Vx) at the x-coordinate of
the point (x, y) of the light spot H incident on the
glass substrate 2 on the detection surface 40 of the
light position detection element 4, can be detected.

[Method of detecting a y-coordinate]

When 0 volt and 5 volts (the voltage being not
limited to 5 volts) are respectively applied to the Y-
axis strip electrode pair 71, 72 acting as Y-axis
input electrodes, a voltage gradient between 0 volt
and 5 volts is generated in the Y-axis resistor film
7, as in the case of the x-coordinate detection.
Accordingly, when solar radiation is illuminated on
the photoconductive film 6, a voltage inherent in
the Y-axis resistor film 5 located at a position
illuminated with solar radiation is thus taken out
from the X-axis strip electrode 51 acting as the Y-
axis output electrode, as in the above case of the
x-coordinate detection.

Consequently, the output voltage at the y-co-
ordinate of the position illuminated with solar radi-
ation, i.e., the output voltage (Vy) at the y-coordi-
nate of the point (x, y) of the light spot H incident
on the glass substrate 2 on the detection surface
40 of the light position detection element 4, can be
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detected.

[Method of detecting photoelectric current (an in-
tensity of solar radiation)]

The same potential is distributed over the en-
tire X-axis resistor film 5 by applying 5 volts fo the
X-axis strip electrode pair 51 and 52, and an output
current (photoelectric current) which flows on the
point P (x, y) on the detection surface 40 of the
light position detection element 4 illuminated with
the light spot H from the X-axis resistor film 5
toward the Y-axis resistor film 7 is detected.

This output current remains the same no mat-
ter which position on the x-axis resistor film 5 is
illuminated with the light spot H (because the entire
X-axis resistor film 5 has the same potential), and
thus becomes an electrical signal which varies ac-
cording to the intensity of solar radiation.

Since the photoconductive film 6 is constructed
such that the two diode components have the
same electrical characteristics and their polarities
are in opposite directions, the intensity of solar
radiation can be detected whichever of the n-type
semiconductor film of the X-axis resistor film 5 and
that of the Y-axis resistor film 7 is used. Thus, the
intensity of solar radiation can also be detected by
applying 5 volts to the Y-axis strip electrode pair
71, 72 of the Y-axis resistor film 7.

[Method of detecting the elevation angle and azi-
muth angle of solar radiation]

Fig. 11 illustrates the principle upon which the
omnidirectional solar radiation sensor 1 detects the
position of solar radiation.

Assuming that the angle at which solar radi-
ation enters the pin hole 31 of the light screening
film 3, i .e., the elevation angle of solar radiation, is
6, the angle of the point P (x, y) of the light spot H
incident on the glass substrate 2 is 6', that is, the
light spot H reaches the point P (x, y) on the
detection surface 40 of the light position detection
element 4 at an angle 6"

The angle between the Y-axis on the detection
surface 40 of the light position detection element 4
and the point P (x, y), i.e., the azimuth angle ¢ of
solar radiation, is calculated using the following
equations on the basis of the output voltage (Vx,
Vy) detected according to the point P (x, y) of the
light spot H:

whenx>0andy>0,¢ = tan™'(xly) - = (1)

whenx<0andy>0,¢ = tan™'(xly) + = 2)

wheny <0, ¢ = tan™'(x/y) (3)
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Where (Vox, Voy) is the output voltage of the
zero point O (0, 0) on the detection surface 40 of
the light position detection element 4 located just
below the central point O of the pin hole 31 of the
light screening film 3 and Ax and Ay are the
voltage gradients (V/mm) of the resistor films 5 and
7 of the photoconductive film 6 of the light position
detection element 4, respectively, the point P (x, y)
of the light spot H is expressed by the following
equations:

(Vx - Vox) / AX  (4)

X
I

(Vy - Voy) /Ay (5)

<
1

If the refraction factor of air is 1 and if the
refraction factor of the glass substrate 2 is n1, the
following relation is obtained.

sin(% -0)/sin 3 -6")=n1N (6)

Since the glass substrate 2 has a thickness t
(= 1.8 mm), the elevation angle 6 of solar radiation
is calculated by the following equation:

g =% -tan" (A i1-A%)) (7))
where
A=n1/0C+P)/ 02+ +E)  (8)

The photoelectric current A generated at the
point P (x, y) of the light spot H is proportional to
the intensity of solar radiation |. Since solar radi-
ation actually enters at an angle (elevation angle) 6,
the photoelectric current A is expressed as follows:

A =1lxsing 9

Thus, the intensity | of solar radiation is cal-
culated as follows:

| = A'Sine  (10)

A method of manufacturing the omnidirectional
solar radiation sensor 1 will now be described
briefly with reference to Figs. 1 through 9.

The X-axis resistor films 5 made of SnO; are
formed over the entire rear surface of the rectangu-
lar glass substrate (see Figs. 5 and 9 : 100 mm x
200 mm x 1.8 mm) with SiO2 coated thereon. Next,
the n-type semiconductor film 61 made of a-Si, the
i-type semiconductor film 62 made of a-SiC (amor-
phous silicon carbide), the p-type semiconductor
film 63 made of a-SiC, the i-type semiconductor
film 64 made of a-Si and the n-type semiconductor
film made of a-Si are sequentially accumulated on
each of the X-axis resistor films 5.
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Next, the Y-axis resistor film 7 made of SnO; is
patterned on the photoconductive film (a-Si alloy) 6
made up of the above-described semiconductor
films, and then etching is conducted on the rear
surface of the rectangular glass substrate 20 using
the Y-axis resistor film as an etching mask to form
the photoconductive films 6.

Subsequently, the X-axis strip electrode pair
(Al electrodes) 51, 52 and the Y-axis strip electrode
pair (Al electrodes) 71, 72, both having the shape
shown in Fig. 8, are respectively formed on each of
the X-axis resistor films 5 and on each of the Y-
axis resistor films 7 in a pattern shown in Fig. 9 in
such a manner that they are perpendicular to each
other, whereby the large number of light position
detecting elements 4 are formed on the rear sur-
face of the glass substrate 20.

At that time, the square alignment marks 4a
through 4d made of the same material as that of
the light position detecting element 4 are also put,
as shown in Fig. 9, at positions having a special
relation with the zero points P (0,0) of the detection
surfaces 40 of the light position detection elements
4, i.e., at four corners of the rear surface of the
glass substrate 20 on which many light position
detection elements 4 are formed.

Next, the light screening films 3 each having
the pin hole 31, shown in Fig. 4, are formed on the
front surface of the glass substrate 20 in a pattern
shown in Fig. 5 by screen printing a light screening
ink on the front surface of the glass substrate 20.

At that time, as shown in Fig. 5, the square
alignment marks 3a through 3d made of the same
material as that of the light screening film 3 are
also put at positions having a special relationship
with the positions where the pin holes 31 of the
light screening films 3 are formed, i.e., at four
corners of the rear surface of the glass substrate
20 on which many light screening films 3 are
formed.

Since the glass substrate 2 and the X-axis
resistor films 5 are made of transparent materials,
when the glass substrate 20 is viewed from the
front surface side thereof, the four alignment marks
4a through 4d formed on the rear surface side of
the glass substrate 20 can be seen through the
glass substrate 2 and the X-axis resistor films 5.

Accordingly, the large number of light screen-
ing films 3 and the alignment marks 3a through 3d
can be screen printed on the front surface of the
glass substrate 20 in such a manner that the align-
ment marks 3a through 3d are brought into align-
ment with the alignment marks 4a through 4d, as
partially shown in Fig. 1. Consequently, there is no
positional deviation between the zero points P (0,0)
of the detection surfaces 40 of the light position
detection elements 4 and the central points O of
the pin holes 31 of the light screening films 3.

10

15

20

25

30

35

40

45

50

55

Thereafter, the glass substrate 20 is cut info
glass substrates each having a predetermined
shape (12 mm x 12 mm x 1.8 mm) with a glass
cutter (not shown) to manufacture the omnidirec-
tional solar radiation sensors 1 shown in Figs. 2, 3,
6 and 7.

In the manufacturing method according to this
embodiment, since the light screening films 3 and
the light position detection elements 4 are formed
integrally with the glass substrate 20 on the front
surface and the rear surface thereof, respectively,
the zero points P (0,0) of the detection surfaces 40
of the light position detection elements 4 can be
brought into alignment with the central points O of
the pin holes 31 of the light screening films 3, as
shown in Fig. 6.

Consequently, the central point (O) of the light
spot H obtained when the automobile is receiving
solar radiation from above, i.e., when the elevation
angle 6 of solar radiation is 90°, can be brought
into coincidence with the output voltage (in this
embodiment, zero point P (Vox, Voy) = P (25
volts, 2.5 volts) of the zero point P (0,0) of the
detection surface 40 of the light position detection
element 4 without a light position detecting circuit
or a calculation thereof being zero point corrected.
As a result, the structure of a control circuit, such
as a light position detection circuit or an operation
circuit, can be simplified. Further, since the zero
points of the detection surfaces 40 of the large
number of light position detection elements 4 can
be aligned with the central points O of the pin
holes 31 in one manufacturing process, the produc-
tion cost of the omnidirectional solar radiation sen-
sor 1 can be reduced.

A second embodiment of the present invention
will be described below. In this embodiment, the
present invention is applied to the solar radiation
sensor, as in the case of the first embodiment.

Fig. 12 shows the omnidirectional solar radi-
ation sensor according to the second embodiment
of the present invention.

In the omnidirectional solar radiation sensor 1,
the light position detection element 4 having an X-
axis light position detection element 41, a Y-axis
light position detection element 42 and photoelec-
fric current detection elements 43 through 45, is
patterned on one surface of the glass substrate 2
by, for example, etching, while the light screening
film 3 having a cross-shaped light transmission
hole 32 is screen printed on the other surface of
the glass substrate 2.

In this omnidirectional solar radiation sensor 1,
a predetermined position 321 of the cross-shaped
light transmission hole 32 and a predetermined
position 431 of the photoelectric current detection
element 4 are positioned such that they are aligned
with each other using alignment marks (not shown).
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The X-axis light position detection element 41,
the Y-axis light position detection element 42 and
the photoelectric current detection elements 43
through 45 are formed in the manner described
below: after a transparent conductive film (not illus-
trated) made of, for example, Sn02, ITO or Zn0O, is
formed on the glass substrate 2 in predetermined
separated shapes, a photoconductive film (not illus-
trated) made of a n-i-p-i-n amorphous alloy film is
formed on the transparent conductive film. There-
after, a metal electrode (not illustrated) made of, for
example, Al, Ni, Ti, Cr or Mo is patterned on the
photoconductive film using a metal mask, and then
the photoconductive film is etched on the glass
substrate 2 using the metal electrode as an etching
mask. At that time, the transparent conductive film
constituting the X-axis light position detection ele-
ment 41 and the Y-axis light position detection
element 42 acts as a resister film in which a
voltage gradient from 0 volt to 5 volts is generated,
and the transparent conductive film constituting the
photoelectric current detection elements 43 through
45 acts as an electrode for uniformly applying 5
volts to the entire surface of the photoconductive
film.

Solar radiation sensors have been described
above as examples of the photosensor according
to the present invention. However, the present in-
vention can also be applied to, for example, a
throttle position sensor or a light position detection
apparatus, such as a photoelectric switch. In the
first and second embodiments, the solar radiation
sensor of the voltage type which detects the posi-
tion of light by arbitrarily switching over the ap-
plication of a voltage to the X-axis strip electrode
pair and the Y-axis strip electrode pair has been
described. However, the present invention can also
be applied to a so-called current type solar radi-
ation sensor which detects the position of light on
the basis of the ratio of the current output from the
X-axis strip electrode pair to the current output
from the Y-axis strip electrode pair without arbitrar-
ily switching over the application of a voltage. In
addition, the present invention can also be applied
to an apparatus for detecting only the direction of
light.

In the above-described first and second em-
bodiments, the photoconductive film 6 has a n-i-p-i-
n layered structure. However, the photoconductive
film may have either a p-i-n-i-p layered structure, a
p-i-n layered structure, or a p-n layered structure.
When the temperature at which the photosensor is
used is 65 °C or below, a photoconductive film
made of a single i layer may be used.

In the first and second embodiments, many
light screening films 3 and many light position
detection elements 4 have been formed on the
glass substrate 20 in one manufacturing operation.
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However, the light screening films 3 and the light
position detection elements 4 may be formed on
the two surfaces of the glass substrate 20 one at a
fime.

The alignment marks 3a through 3d can be
formed into any shape, as long as that shape is
almost the same as that of the alignment marks 4a
through 4d. The alignment marks 3a through 3d
and 4a through 4d may be made of materials
which are the same as or different from those of
the light screening film 3 and the light position
detection element 4, respectively. Further, there is
no limitation to the number of the alignment marks
3a through 3d and 4a through 4d, if it is 2 or more.

In the first and second embodiments, the cir-
cular pin hole 31 and the cross-shaped light trans-
mission hole 32 have been respectively used as
the light transmission hole. However, a polygonal,
elliptical or oval light transmission hole may be
employed as the light transmission hole. Further, a
plurality of light transmission holes may be pro-
vided.

In the first and second embodiments, after the
light position detection elements 4 have been
formed on the rear surface of the glass substrate 2,
the light screening films 3 are formed on the front
surface of the glass substrate 2. However, after the
light screening films 3 have been formed on the
front surface of the glass substrate, the light posi-
tion detection elements 4 may be formed on the
rear surface of the glass substrate 2.

In the first and second embodiments, the glass
substrate 2 has been used as the fransparent
member. However, a transparent material made of,
for example, a resin may also be employed.

Claims

1. A photosensor comprising:

a transparent member;

a photoelectric converting element moun-
ted on said transparent member; and

a light screening film mounted on said
transparent member and having a fransmission
hole through which light illuminated on said
photoelectric converting element pass.

2. A photosensor according to claim 1, wherein
said transparent member has parallel two sur-
faces, and said photoelectric converting ele-
ment is formed on one of said two surfaces
while said light screening film is mounted on
the other surface of said two surfaces.

3. A photosensor according to claim 1, wherein
said photoelectric converting element com-
prises a light position detecting element for
detecting a position of said light illuminated
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thereon through said transmission hole.

A photosensor according to claim 3, wherein
said light position detecting element includes:

a transparent X-axis resistor film mounted
on said transparent member;

a photoelectric converting film laid on said
X-axis resistor film for generating a photoelec-
tric current due to a photoelectromotive force
generated on a portion thereof illuminated with
said light according to an intensity of said light;

a Y-axis resistor film laid on said pho-
toelectric converting film;

a pair of X-axis electrode members pro-
vided on two opposing end portions of said X-
axis resistor film and having a resistance lower
than that of said X-axis resistor film; and

a pair of Y-axis electrode members pro-
vided on two opposing end portions of said Y-
axis resistor film in a direction perpendicular to
that of said X-axis electrode members and
having a resistance lower than that of said Y-
axis resistor film,

said light position detecting element being
adapted to detect a direction in which light is
illuminated thereon on the basis of both an
output voltage representing an X-axis position
output from said pair of Y-axis electrode mem-
bers due to a predetermined potential differ-
ence generated between said pair of X-axis
electrode members when said light is illumi-
nated on said light position detecting element
and an output voltage representing a Y-axis
position output from said pair of X-axis elec-
trode members due to a predetermined poten-
tial difference generated between said pair of
Y-axis electrode members when said light is
illuminated on said light position detecting ele-
ment.

A method of manufacturing a photosensor,
said method comprising:

a first step of mounting a photoelectric
converting element on one of two parallel sur-
faces of a transparent member and for putting
a first mark on said one surface of said frans-
parent member at a position separated from a
detection surface of said photoelectric convert-
ing element concurrently with said mounting of
said photoelectric converting element;

a second step of mounting a light screen-
ing film, having a transmission hole through
which light passes therethrough, on the other
surface of said transparent member which is
remote from said surface on which said pho-
foelectric converting element is mounted and
for putting a second mark on said other sur-
face of said transparent member at a position
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which has the same positional relationship with
a position where said transmission hole is
formed as that established between a predeter-
mined position of said detection surface of said
photoelectric converting element and said first
mark concurrently with said mounting of said
light screening film,

said photoelectric converting element or
said light screening film being mounted on
said one surface or said other surface of said
transparent member in either said first step or
said second step such that said first mark and
said second mark are aligned with each other.
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FIG. 3




EP 0 613 183 A1

13



EP 0 613 183 A1

FIG. S

20

M)

o—4—3d

A

A A ILA

A|lA | G+-3C

AlA A |A

A

A

AlA

A

A

A

AlA

A

3b—r8 | A | A

14



EP 0 613 183 A1

FIG.7
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FIG. 13
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